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Description 

The present invention relates to a coextruded 
laminate structure which is superior in gas barrier 
properties and interlaminar strength, and more 
particularly it relates to a laminate structure 
formed by laminating (A) a layer of saponified 
product of ethylene-vinyl acetate copolymer and 
{B) a layer of hydrophobic thermoplastic resin, 
especially saturated polyester resin, one over the 
other, with (C) a layer of ethylene-acrylate ester 
polymer of specific composition interposed there- 
between. 

With the recent remarkable technical innova- 
tion in the food packaging industry, thermoplastic 
resins such as saturated polyester have come into 
the market because of their hygienic qualities, 
good appearance, and lightness which leads to a 
reduction of transportation cost. Saturated poly- 
esters, however, are not suitable foj long storage 
of foods and carbonated beverages because of 
their poor gas barrier properties. For this reason, 
glass bottles and metal cans are predominant in 
this area, but they are not completely satisfactory 
because they cause environmental pollution 
when thrown away on the road and require a 
great deal of expense for recovery after use. 
These factors promoted the development of a 
new packaging material. 

The saponified product of ethylene-vinyl acet- 
ate copolymer containing 20 to 55 mol% of 
ethylene is superior in transparency and gas 
barrier properties which are desirable for food 
packaging; however, it is not necessarily satisfac- 
tory because of its insufficient stiffness and mois- 
ture resistance. On the other hand, saturated 
polyester resin, particularly hydrophobic thermo- 
plastic resin composed mainly of polyethylene 
terephthalate has a good balance between impact 
resistance and stiffness and is superior in 
hygienic qualities. Nevertheless, it finds only 
limited use in food packaging because of its 
insufficient gas barrier properties (for oxygen and 
carbon dioxide). 

In order to obtain a food packaging material 
having both of the superior gas barrier properties 
of the saponified product of ethylenevinyl acetate 
copolymer and the superior mechanical 
properties of saturated polyester resin, it is con- 
ceivable that layers of both resins may be lami- 
nated one over the other. However, it is impos- 
sible to make a laminate by simple heat bonding 
because the two polymers have no affinity for 
each other. 

It is disclosed in Japanese Patent Laid-open No. 
71556/1980 that there is adhesion between a 
polymer composed of ethylene, acrylate ester, 
and ethyleniccarboxylic acid or anhydride thereof 
and a saturated polyester resin. According to this 
disclosure, the former polymer is produced by 
chemically bonding an ethylenic unsaturated fatty 
acid or anhydride thereof to a copolymer of 
ethylene and carboxyl-containing monomer, such 
as ethylene-vinyl acetate copolymer, ethylene- 
acrylate ester copolymer, and ethylene-methacry- 
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late ester copolymer. There is demonstrated in 
the specification that such a copolymer can be 
bonded to a saturated polyester resin. 
It is disclosed in Japanese Patent Laid-open No. 

5 101883/1979 that a thermoplastic resin can be 
laminated to the saponified product of ethylene- 
vinyl acetate copolymer with an interlayer of 
modified copolymer placed therebetween. The 
modified copolymer is obtained by chemically 

w bonding an ethylenic unsaturated fatty acid or 
anhydride thereof to a copolymer of ethylene and 
carboxyl-containing or substituted carboxyl-con- 
taining monomer. 
There is disclosed in Japanese Patent Laid- 

15 open No. 1 10282/1979 a laminate structure having 
a layer of saponified product of ethylene-vinyl 
acetate copolymer. In this case, the bonding 
interlayer is a metal-modified copolymer which is 
produced by chemically bonding an ethylenic 

20 unsaturated carboxylic acid or anhydride thereof 
to a copolymer of ethylene and carboxyl-contain- 
ing or substituted carboxyl-containing monomer, 
followed by reaction with a metal salt. 
As mentioned above, the bonding interlayer for 

25 lamination is made of a copolymer composed of 
ethylene, acrylate ester, and ethylenic carboxylic 
acid or anhydride thereof. Such a bonding layer is 
selective in adhesion depending on the type of 
layers to be bonded. This makes it necessary to 

30 select a proper bonding interlayer according to 
individual layers. 

If a polymer with high adhesion composed of 
ethylene, acrylate ester, and ethylenic unsatu- 
rated carboxylic acid or anhydride thereof is used 

35 alone for bonding layers of saponified product of 
ethylene-vinyl acetate copolymer and saturated 
polyester resin, the resulting laminate is poor in 
appearance due to irregularities and streaks, if the 
copolymer is replaced by the one having low 

40 adhesion to improve the appearance of the lami- 
nate, it is not suitable for coextrusion to be run at 
a high speed, although it provides sufficient 
adhesion at a low lamination rate. 
With the above mentioned in mind, the present 

45 inventors reviewed the characteristic properties 
required for the bonding resin used in industrial 
coextrusion. Based on this review, they investi- 
gated how the properties of the bonding resin 
affect extrudability and adhesion in coextrusion. 

so As the result, it was found that sufficient adhesion 
is obtained in coextrusion at an industrially high 
speed, if a specific bonding resin composition is 
employed. Such a composition is superior to a 
simple copolymer in adhesion. The present inven- 

55 tion was completed on the basis of these findings. 
These findings are not conjectured from the 
above-mentioned patent describing that adhesion 
to a saturated polyester resin and a saponified 
product of ethylene-vinyl acetate copolymer is 

60 produced by a copolymer of ethylene with a 
carboxyl group-containing or substituted car- 
boxyl-containing monomer such as vinyl acetate, 
acrylate ester, and methacrylate ester. 
The gist of this invention resides in a laminate 

65 structure and a method for producing the same, 
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said laminate structure comprising (A) a layer of 
saponified product of ethylene-vinyl acetate 
copolymer containing 20 to 55 mol% of ethylene 
and having a degree of saponification of at least 
90 mol% and (B) a layer of hydrophobic thermo- 
plastic resin, with (C) a bonding interlayer placed 
therebetween which comprises a composition of 
(X) a polymer of ethylene-acrylate ester-ethylenic 
unsaturated carboxylic acid or anhydride thereof 
and (Y) a polymer of ethylene-acrylate ester, said 
polymers (X) and (Y) being formulated so that 
the following formulas (I), (II), (III), and (IV) are 
satisfied. 

|Vx-Vy|=I0.15 0) 
0.1 O^Vx • Wx+Vy • Wy^O.45 (II) 
0.03^Cx • Wx^1 (HI) 



0.05^Wx/Wy^10 



(IV) 



where: 

Vx: content (in weight fraction) of acrylate 
ester in polymer (X), 

Vy: content (in weight fraction) of acrylate 
ester in polymer (Y), 

Cx: content (in meq/g) of carboxyl group of 
ethylenic unsaturated carboxylic acid or anhyd- 
ride thereof in polymer (X), 

Wx: quantity (in weight fraction) of polymer 
(X), and 

Wy: quantity (in weight fraction) of polymer 
(Y). 

It is the object of this invention to provide a 
laminate for food packaging which is superior in 
mechanical properties attributable to the layer of 
hydrophobic thermoplastic resin and gas barrier 
properties attributable to the layer of saponified 
product of ethylene-vinyl acetate copolymer, the 
two layers being bonded with an interlayer 
having good adhesion. 

The important feature of this invention is that 
the bonding interlayer (C) comprises a composi- 
tion of (X) a polymer of ethylene-acrylate ester- 
ethylenic unsaturated carboxylic acid or anhyd- 
ride thereof and (Y) a polymer of ethyJene-acry- 
late ester, said polymers (X) and (Y) being formu- 
lated so that the following formulas (I), (II), (III)/ 
and (IV) are satisfied. 

|Vx-Vy|^0.15 (I) 

O.IO^Vx - Wx+Vy • Wy^0.45 (II) 

0.032iCx.Wx2l1 (HO 



0.05^Wx/Wy^10 



(IV) 



where: 

Vx: content (in weight fraction) of acrylate 
ester in polymer (X), 

Vy: content (in weight fraction) of acrylate 
ester in polymer (Y), 

Cx: content (in meq/g) of carboxyl group of 



ethylenic unsaturated carboxylic acid or anhyd- 
ride thereof in polymer (X), 

Wx: quantity (in weight fraction) of polymer 
(X), and 

5 Wy: quantity (in weight fraction) of polymer 
(Y). 

What is important in this invention is that 
polymer (X) and polymer (Y) should be selected 
so that the difference in their content of acrylate 
10 ester is not more than 0.15 in terms of weight 
fraction. This provides sufficient adhesion in 
high-speed coextrusion. In addition, the com- 
position of polymer (X) and polymer (Y) formu- 
lated so that the above-mentioned four formulas 
is are satisfied provides a laminate having a good 
appearance. The reason for this is not fully eluci- 
dated yet. It is considered that the two polymers 
are not completely miscible with each other 
because of the difference in the content of acry- 
20 late ester and the presence and absence of ethy- 
" lenic carboxylic acid or anhydride thereof. This 
slight immiscibility causes microscopic phase 
separation at the time of coextrusion, permitting 
one polymer to adhere to the layer of saturated 
25 polyester resin and the other polymer to adhere 
to the layer of saponified product of ethylene- 
vinyl acetate copolymer. If |Vx-Vy| is greater 
than 0.15, the intended effect of this invention is 
not produced, presumably because polymer (X) 
30 and polymer (Y) are excessively immiscible with 
each other. It is a surprise that the composition 
of polymer (X) and polymer (Y) in proper formu- 
lation provides higher adhesion than the indivi- 
dual polymers. 
35 If Vx- Wx+Vy -Wy is smaller than 0.10, the 
composition decreases in adhesion to the layer 
of hydrophobic thermoplastic resin, particularly 
saturated polyester. On the other hand, if it 
exceeds 0.45, the composition does not increase 
40 any longer in adhesion to the layer of hyd- 
rophobic thermoplastic resin, particularly satu- 
rated polyester, and decreases in adhesion to the 
layer of saponified product of ethylene-vinyl 
acetate copolymer. 
45 If Cx • Wx is smaller than 0.03 meq/g, the com- 
position is poor in adhesion to the layer of 
saponified product of ethylene-vinyl acetate 
copolymer and the layer of saturated polyester 
resin in high-speed coextrusion. If Cx-Wx is 
50 greater than 1 meq/g, the composition causes 
the yellowing of coextruded layers or causes 
fish-eyes to appear on the layers. 

Polymer (X) and polymer (Y) should be mixed 
in the ratio of 0.05 to 10. If Wx/Wy is smaller than 
55 0.05 or greater than 10, the effect of this inven- 
tion is not produced. Presumably this is because 
the microscopic phase separation is not ade- 
quate for good adhesion. 
Polymer (X) composed of ethylene, acrylate 
60 ester, and ethylenic carboxylic acid or anhydride 
thereof is not specifically restricted; but it should 
preferably contain acrylate ester in an amount of 
0.03 to 0.45 in terms of weight fraction and 
ethylenic unsaturated carboxylic acid or anhyd- 
65 ride thereof in an amount of 0.02 to 2 meq/g as 
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carboxyl group, and have a melt flow rate (Ml) of 
0.2 to 300 g/10 minutes (19<rC, 2160 g). 

Polymer (X) may be produced in any manner, 
for example, by grafting an ethylene-acrylate 
ester copolymer with an ethylenic unsaturated 
carboxylic acid or anhydride thereof such as 
maleic acid, acrylic acid, Itaconic acid, and maleic 
anhydride, by partially saponifying the acrylate 
ester component in an ethylene-acrylate ester 
copolymer, or by terpolymerizing ethylene, acry- 
late ester, and an ethylenic carboxylic acid such 
as acrylic acid and methacrylic acid. A preferable 
one is produced by grafting an ethylene-acrylate 
ester copolymer with maleic acid alone or in 
combination with styrene. The acid component 
should not be neutralized with a metal because 
the salt decreases adhesion. 

Polymer (Y) composed of ethylene and acrylate 
ester is not specifically restricted; but it should 
preferably contain acrylate ester in an amount of 
0.03 to 0.50 in terms of weight fraction and have a 
melt flow rate (Ml) of 0.8 to 60 g/10 minutes 
(190°C, 2160 g). The acrylate ester component in 
polymer (Y) denotes a lower (C^ — C 8 ) fatty alcohol 
ester of acrylic acid or methacrylic acid. It 
includes, for example, methyl acrylate, ethyl acry- 
late, butyl acrylate, and 2-ethylhexyl acrylate. 
Preferable among them is ethyl acrylate. 

Layer (A) of the laminate of this invention is 
produced from the saponified product of 
ethylene-vinyl acetate copolymer containing 20 to 
55 mol% of ethylene and having a degree of 
saponification of at least 90 mol%. if the.ethylene 
content is lower than 20 mol%, the saponified 
resin is difficult to perform melt molding, and if it 
is higher than 55 mol%, the resulting laminate is 
poor in gas barrier properties. The degree of 
saponification of vinyl acetate component should 
be at least 90 mol%. If it is lower than 90 mol%, 
the resulting laminate Is poor in gas barrier 
properties and other physical properties such as 
heat resistance and water resistance. 

Layer (B) of the laminate of this invention is 
produced from a hydrophobic thermoplastic resin 
which is capable of melt molding. A preferred one 
is a saturated polyester resin formed by polycon- 
densation of dicarboxy lie acid and diol. The dicar- 
boxylic acid includes, for example, terephthalic 
acid, isophthalic acid, and naphthalenedicarboxy- 
lic acid. They may be used individually or in 
combination with one another. The diol includes, 
for example, ethylene glycol, butylene glycol, 
hexylene glycol, and cyclohexane dimethanol. 
They may be used individually or in combination 
with one another. In addition, they may be mixed 
with a small amount of diethyiene glycol, polytet- 
ramethylene glycol, pentaerythritol, and/or bis- 
phenol A. In the case where at least 70 mol% of 
terephthalic acid is used as the dicarboxylic acid 
component, the resulting laminate is superior in 
transparency and mechanical properties. 

The adhesion properties of a resin in coextru- 
sion cannot be predicted from the result obtained 
in hot press adhesion. In most cases, adhesion in 
coextrusion is much lower than hot press 



adhesion. This is pronounced in the case where 
coextrusion is performed at a high rate. Presum- 
ably, this is because the laminate is stretched in a 
short time while being cooled after emergence 

5 from the molding machine. In contrast to this 
general tendency, the bonding layer of this inven- 
tion provides high adhesion even when coextru- 
sion is performed at a take-up speed of at least 
3 m/min. The take-up speed denotes one which is 

10 measured at a point where the coextruded 
polymer has been cooled to 40°C. 

The individual layers of the laminate produced 
as mentioned above are not specifically limited in 
thickness; but the preferred thicknesses of layers 

15 (A), (B), and (C) are 10 to 400 pm, 200 to 3000 urn, 
and 5 to 300 pm, respectively. 

On account of high interlaminar bond strength 
and superior gas barrier properties, the laminate 
of this invention is useful as a food packaging 

20 material, e.g., cups and bottles. The laminate may 
undergo monoaxiai or biaxial stretching or deep 
drawing for further improvement of properties. 

The bonding layer (C) produces the best results 
when it is made by extrusion molding with a T-die 

25 or ring die. It may also be applied to blow molding 
to reduce the molding cycle. In the case of blow 
molding, the layer (B) of hydrophobic thermo- 
plastic resin may be placed either inside or out- 
side. Multilayered laminates having such layer 

30 arrangement as 

(AHCHBL 
(BHCHAHCHB), 

35 

and 

(AHCHBHCHA) 

40 are within the scope of this invention. The lami- 
nate of this invention may further be laminated 
with a layer of poiyolefin such as polyethylene, 
polypropylene, ethylene-vinyl acetate copolymer, 
and ethylene-ethyl acrylate copolymer. 

45 The invention is described in more detail with 
reference to the following examples, which are 
not intended to limit the scope of this invention. 

Example 1 

so In 1000 parts by weight of purified xylene were 
dissolved in 150 parts by weight of ethylene-ethyl 
acrylate copolymer (containing 27 wt% of ethyl 
acrylate and having an Ml of 200 g/10 min at 
190°C, 2160 g) and 40 parts by weight of maleic 
55 anhydride. To this solution was added with stir- 
ring 0.6 parts by weight of benzoyl peroxide 
dissolved in 50 parts by weight of xylene over 2 
hours, while the solution was kept at 150°C. After 
addition was complete, stirring was continued for 
60 20 minutes. After cooling, the reaction solution 
was poured into a large amount of purified 
acetone to cause the polymer to separate out. The 
resulting polymer was purified by reprecipitation 
from xylene as solvent and acetone as non- 
es solvent Thus there was obtained polymer (X) 
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containing 25.9 wt% of ethyl acrylate and 
0.84 meq/g of carboxyl group and having an Ml of 
120 g/10 min (as measured at 190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acrylate copolymer (Y) containing 
20 wt% of ethyl acrylate and having an Ml of 6, 
the mixing ratio of X/Y being 20/80. The resulting 
composition was found to have the following 
values which satisfy the above-mentioned four 
formulas (I) to (IV). 

|Vx-Vyh0.059 

Vx-Wx+Vy-Wy=0.212 

Cx-Wx=0.168 

Wx/Wy=0.25 

Using this composition for the bonding layer 
(C), layer (A) and layer (B) were laminated one 
over the other. The resin for layer (A) was pro- 
duced from saponified product of ethylene-vinyl 
acetate copolymer which was obtained by 
saponifying 99.6 mol% of vinyl acetate in 
ethylene-vinyl acetate copolymer containing 67 
mol% of vinyl acetate. The saponified product 
had an intrinsic viscosity [nj of 1.11 as measured 
in 85:15 phenol/water mixture at 30°C and dl/g. 
The saturated polyester resin for layer (B) was 
produced by polycondensation of terephthalic 
acid and 72:28 (molar ratio) mixture of ethylene 
glycol and cyclohexane dimethanol. This resin 
had an intrinsic viscosity [nj of 0.66 as measured 
in 50:50 phenolAetrachloroethane mixture at 30°C 
and dl/g. 

Lamination was performed as follows: The 
resin for layer (B) was fed to extruder I having a 
bore diameter of 120 mm, the resin for layer (C) 
was fed to extruder II having a bore diameter of 
60 mm, and the resin for layer (A) was fed to 
extruder III having a bore diameter of 90 mm. 
Extruders I and II are designed such that the melt 
is split into two layers. Thus the extrudates from 
the three extruders were laminated one over 
another in the order of 

(B)/(C)/(A)/(C)/(B). 

The die temperature was 260°C and the take-up 
speed was 7 m/min. The thicknesses of layers (A), 
(B), and (C) were 60 pm, 600 pm, and 30 pm, 
respectively. Peel strength (T-peeling at 200 mm/ 
min) between layers (A) and (B) was 2.1 kg/cm. 

Example 2 

In 1000 parts by weight of purified xylene were 
dissolved in 100 parts by weight of ethylene-ethyl 
acrylate copolymer (containing 25 wt% of ethyl 
acrylate and having an Ml of 6 g/10 min at 190°C, 
2160 g) and 20 parts by weight of maleic anhyd- 
ride. To this solution was added with stirring 0.8 
parts by weight of benzoyl peroxide dissolved in 
100 parts by weight of xylene over 3 hours, while 
the solution was kept at 140°C. After addition was 



complete, stirring was continued for 20 minutes. 
After cooling, the reaction solution was poured 
into a large amount of purified acetone to cause 
the polymer to separate out. The resulting 

5 polymer was purified by reprecipitation from 
xylene as solvent and acetone as non-solvent. 
Thus there was obtained polymer (X) containing 
24.3 wt% of ethyl acrylate and 0.57 meq/g of 
carboxyl group and having an Ml of 3.2 g/10 min 

w (as measured at 190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acrylate copolymer (Y) containing 
25 wt% of ethyl acrylate and having an Ml of 6, 
the mixing ratio of X/Y being 52/48. The resulting 

16 composition was found to have the following 
values which satisfy the above-mentioned four 
formulas (I) to (IV). 

|Vx-Vy|=0.007 

20 

Vx • Wx+Vy • Wy=0.246 

Cx - Wx=0.296 

25 Wx/Wy=1.08 

Using this composition for the bonding layer 
(C), layer (A) and layer (B) were laminated one 
over the other. The resin for layer (A) was pro- 

30 duced from saponified product of ethylene-vinyl 
acetate copolymer which was obtained by 
saponifying 99.5 mol% of vinyl acetate in 
ethylene-vinyl acetate copolymer containing 56 
mol% of vinyl acetate. The saponified product 

35 had an intrinsic viscosity [rjl of 0.96 as measured 
in 85:15 phenol/water mixture at 30°C and dl/g. 
The saturated polyester resin for layer (B) was 
produced by polycondensation of a 98:2 (molar 
ratio) mixture of terephthalic acid and isophthalic 

40 acid and a 90:10 (molar ratio) mixture of ethylene 
glycol and cyclohexane dimethanol. This resin 
had an intrinsic viscosity [nj of 0.60 as measured 
in 50:50 phenol/tetrachloroethane mixture at 30°C 
and di/g. 

45 Lamination was performed as follows: The 
resin for layer (A) was fed to extruder I having a 
bore diameter of 95 mm, the resin for layer (C) 
was fed to extruder II having a bore diameter of 
60 mm, and the resin for layer (B) was fed to 

so ' extruder (II having a bore diameter of 110 mm. 
Thus the extrudates from the three extruders 
were laminated one over another in the order of 
(A)/(B)/(C). The die temperature was 260°C and the 
take-up speed was 7 m/min. The thicknesses of 

55 layers (A), (B), and (C) were 150 urn, 1300 urn, and 
40 pm, respectively. Peel strength between layers 
(A) and (B) was 2.2 kg/cm. 

Example 3 

60 In 1000 parts by weight of purified xylene were 
dissolved 100 parts by weight of ethylene-ethyl 
acrylate copolymer (containing 35 wt% of ethyl 
acrylate and having an Ml of 20 g/10 min at 190°C, 
2160 g) and 100 parts by weight of maleic anhyd- 

65 ride. To this solution was added with stirring 1.5 
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parts by weight of benzoyl peroxide dissolved in 
100 parts by weight of xylene over 2 hours, while 
the solution was kept at 150°C. After addition was 
complete, stirring was continued for 20 minutes. 
After cooling, the reaction solution was poured 
into a large amount of purified acetone to cause 
the polymer to separate out. The resulting 
polymer was purified by reprecipitation from 
xylene as solvent and acetone as non-solvent. 
Thus there was obtained polymer (X) containing 
32.5 wt% of ethyl acrylate and 1.27meq/g of 
carboxyl group and having an Ml of 14g/10 min 
(as measured at 190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acrylate copolymer (Y) containing 
25 wt% of ethyl acrylate and having an Ml of 6, 
the mixing ratio of X/Y being 1.5/10. The resulting 
composition was found to have the following 
values which satisfy the above-mentioned four 
formulas (I) to (IV). 

|Vx-Vy|=0.075 

Vx-Wx+VyWy=0.260 

Cx-Wx=0.166 

Wx/Wy=0.15 

Using this composition for the bonding layer (C), 
there was obtained a three-layered laminate made 
up of (A)/(C)/(B) in the same way as in Example 2. 
The thicknesses of layers (A), (B), and (C) were 
150 pm, 1400 pm, and 45 urn, respectively. Peel 
strength between layers (A) and (B) was 2.1 kg/cm. 

Example 4 

In 1000 parts by weight of purified xylene were 
dissolved 100 parts by weight of ethylene-ethyl 
acrylate copolymer (containing 20 wt% of ethyl 
acrylate and having an Ml of 4.5 g/10 min at 
190°C, 2160 g) and 100 parts by weight of maleic 
anhydride. To this solution was added with stir- 
ring 0.2 parts by weight of benzoyl peroxide 
dissolved in 100 parts by weight of xylene over 2 
hours, while the solution was kept at 150°C. After 
addition was complete, stirring was continued for 
20 minutes. After cooling, the reaction solution 
was poured into a large amount of purified 
acetone to cause the polymer to separate out The 
resulting polymer was purified by reprecipitation 
from xylene as solvent and acetone as non- 
solvent. Thus there was obtained polymer (X) 
containing 19.9 wt% of ethyl acrylate and 
0.303 meq/g of carboxyl group and having an Ml 
of 30 g/10 min (as measured at 190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acrylate copolymer (Y) containing 
25 wt% of ethyl acrylate and having an Ml of 6, 
the mixing ratio of X/Y being 20/80. The resulting 
composition was found to have the following 
values which satisfy the above-mentioned four 
formulas (I) to (IV), 

|Vx-Vy|=0.051 



Vx • Wx+Vy • Wy=0.240 

Cx • Wx=0.061 

5 Wx/Wy=0.25 

Using this composition for the bonding layer 
(C), there was obtained a five-layered laminate 
made up of 

(B)/(C)/(A)/(C)/(B) 

in the same way as in Example 1 . The thicknesses 
of layers (A), (B), and (C) were 200 urn, 700 urn, 
is and 45 urn, respectively. Peel strength between 
layers (A) and (B) was 2.0 kg/cm. 

Comparative Example 1 
Coextrusion was performed in the same way as 
20 in Example 1 except that the component Y was 
ethylene-ethyl acrylate copolymer containing 7 
wt% of ethyl acrylate and having an Ml of 4. The 
. composition of (X) and (Y) had the following 
values. 

25 

|Vx-Vy|=0.189 

Vx- Wx+Vy -Wy=0.1 08 

30 Cx-Wx=0.168 

Wx/Wy=0.25 

These values satisfy the formulas (II) to (IV), but 
35 do not satisfy the formula (I). The resulting lami- 
nate was poor in appearance due to fine irregu- 
larities. Peel strength was 0.6 kg/cm, which is not 
sufficient for practical use. 

40 Comparative Example 2 

Coextrusion was performed in the same way as 
in Example 4 except that the component Y was 
ethylene-ethyl acrylate copolymer containing 20 
wt% of ethyl acrylate and having an Ml of 6 and 

45 the mixing ratio X/Y was 7/100. The composition 
of (X) and (Y) had the following values. 

|Vx-Vy|=0.001 

so Vx-Wx+Vy-Wv=0.200 

Cx - Wx-0.020 

Wx/Wy=0.07 

55 

These values satisfy the formulas (I), (II), and 
(IV), but do not satisfy the formula (III). The 
resulting laminate was good in appearance; but 
peel strength was 0.6/kg/cm, which is not suffi- 
60 cient for practical use. 

• 

Comparative Example 3 

In 1000 parts by weight of purified xylene were 
dissolved 100 parts by weight of ethylene-ethyl 
65 acrylate copolymer (containing 7 wt% of ethyl 
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acryiate and having an Ml of 4.5 g/10 min at 190°C, 
2160 g) and 20 parts by weight of maleic anhyd- 
ride. To this solution was added with stirring 0.8 
parts by weight of benzoyl peroxide dissolved in 
100 parts by weight of xylene over 3 hours, while 5 
the solution was kept at 140°C. After addition was 
complete, stirring was continued for 20 minutes. 
After cooling, the reaction solution was poured 
into a large amount of purified acetone to cause 
the polymer to separate out The resulting polymer to 
was purified by reprecipitation from xylene as 
solvent and acetone as non-solvent Thus there 
was obtained polymer (X) containing 6.8 wt% of 
ethyl acryiate and 0.663 meq/g of carboxyl group 
and having an Ml of 1.9 g/10 min (as measured at is 
190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acryiate copolymer (Y) containing 
7 wt% of ethyl acryiate and having an Ml of 4.5, 
the mixing ratio of X/Y being 50/50. The resulting 20 
composition was found to have the following 
values which satisfy the formulas (I), (III), and (IV), 
but do not satisfy the formula (II). 

|Vx-Vy|=0.002 25 

Vx • Wx+Vy - Wy=0.069 

Cx - Wx=0.332 

30 

Wx/Wy=1.0 

Using this composition for layer (C), lamination 
was performed in the same way as in Example 1. 
The resulting laminate was good in appearance, 35 
but peel strength was only 0.2 kg/cm. 

Comparative Example 4 

Coextrusion was performed in the same way as 
in Comparative Example 3 except that the com- 40 
ponent Y was ethylene-ethyl acryiate copolymer 
containing 40 wt% of ethyl acryiate and having an 
Ml of 20 g/10 min. The composition of (X) and (Y) 
had the following values. 

45 

|Vx-Vy|=0.332 

Vx-Wx=Vy-Wy=0.234 

Cx • Wx=0.332 50 

Wx/Wy=1.0 

These values satisfy the formulas (II) to (IV), but 
do not satisfy the formula (I). The resulting lami- 55 
nate was poor in appearance due to fine irregu- 
larities. Peel strength was 0.7 kg/cm, which is not 
sufficient for practical use. 

Comparative Example 5 $0 

In 1000 parts by weight of purified xylene were 
dissolved 100 parts by weight of ethylene-ethyl 
acryiate copolymer (containing 40 wt% of ethyl 
acryiate and having an Mi of 20 g/10 min at 190°C, 
2160 g) and 60 parts by weight of maleic anhyd- 65 



ride. To this solution was added with stirring 1.2 
parts by weight of benzoyl peroxide dissolved in 
100 parts by weight of xylene over 3 hours, while 
the solution was kept at 170°C. After addition was 
complete, stirring was continued for 20 minutes. 
After cooling, the reaction solution was poured 
into a large amount of purified acetone to cause 
the polymer to separate out. The resulting 
polymer was purified by reprecipitation from 
xylene as solvent and acetone as non-solvent. 
Thus there was obtained polymer (X) containing 
37.1 wt% of ethyl acryiate and 1.46 meq/g of 
carboxyl group and having an Ml of 12 g/10 min 
(as measured at 190°C and 2160 g). 

Polymer (X) thus obtained was mixed with 
ethylene-ethyl acryiate copolymer (Y) containing 
25 wt% of ethyl acryiate and having an MI of 6 # 
the mixing ratio of X/Y being 3/100. The resulting 
composition was found to have the following 
values which satisfy the formulas (I) to (III), but do 
not satisfy the formula (IV). 

|Vx-Vy|=0.121 

Vx- Wx+Vy .Wy=0.254 

Cx • Wx=0.043 

Wx/Wy=0.03 

Using this composition for layer (C), lamination 
was performed in the same way as in Example 2. 
The resulting laminate was good in appearance, 
but peel strength was only 0.2 kg/cm. 

Comparative Example 6 

Coextrusion was performed in the same way as 
in Example 3 except that the copolymer (X) 
obtained in Example 3 was used alone for the 
interiayer (C). 

The resulting laminate was poor in appearance 
due to large irregularities on the overall surface. It 
was impossible to measure the peel strength 
because of irregular laminar structure. 

Comparative Example 7 

In 1000 parts by weight of purified xylene were 
dissolved 100 parts by weight of ethylene-ethyl 
acryiate copolymer (containing 25 wt% of ethyl 
acryiate and having an Ml of 6 g/10 min at 190°C, 
2160 g) and 5 parts by weight of maleic anhyd- 
ride. To this solution was added with stirring 0.1 
parts by weight of benzoyl peroxide dissolved in 
100 parts by weight of xylene over 3 hours, while 
the solution was kept at 140°C. After addition was 
complete, stirring was continued for 20 minutes. 
After cooling the reaction solution was poured 
into a large amount of purified acetone to cause 
the polymer to separate out. The resulting 
polymer was purified by reprecipitation from 
xylene as solvent and acetone as non-solvent. 
Thus there was obtained polymer (X) containing 
24.9 wt% of ethyl acryiate and 0.058 meq/g of 
carboxyl group and having an Ml of 5.1 g/10 min 
(as measured at 190°C and 2160 g). 
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Coextrusion was performed in the same way as 
in Example 2 except that the copolymer (X) 
obtained as mentioned above was used alone for 
the interlayer (C). 

The resulting laminate was poor in appearance 
due to fine irregularities, and peei strength was 
only 0.3 kg/cm. 

It is to be noted that the resin obtained in this 
comparative example is quite similar to the com- 
position in Example 4 with respect to the content 
of ethyl acrylate and carboxyl group. Neverthe- 
less, the resulting laminate is quite different in 
appearance and peel strength from that in 
Example 4. 

Claims 

1. A laminate structure comprising (A) a layer of 
saponified product of ethylene-vinyl acetate 
copolymer containing 20 to 55"mol% of ethylene 
and having a degree of saponification of at least 
90 mol% and (B) a layer of hydrophobic thermo- 
plastic resin, with (C) a bonding interlayer placed 
therebetween which comprises a composition of 
(X) a polymer of ethylene-acrylate ester-ethylenic 
unsaturated carboxylic acid or anhydride thereof 
and (Y) a polymer of ethylene-acrylate ester, said 
polymers (X) and (Y) being formulated so that the 
following formulas (I), (II), (III), and (IV) are satis- 
fied. 

|Vx-Vy|^0.15 (I) 
0.1 O^Vx • Wx+ Vy • Wy^0.45 (II) 
0.03^Cx • Wx=i1 (III) 
0.05^Wx/Wy=i10 (IV) 

where: 

Vx: content (in weight fraction) of acrylate ester 
in polymer (X), 

Vy: content (in weight fraction) of acrylate ester 
in polymer (Y), 

Cx: content (in meq/g) of carboxyl group of 
ethylenic unsaturated carboxylic acid or anhyd- 
ride thereof in polymer (X), 

Wx: quantity (in weight fraction) of polymer (X), 
and 

Wy: quantity (in weight fraction) of polymer (Y). 

2. A laminate structure as set forth in Claim 1 
wherein said hydrophobic thermoplastic resin is a 
saturated polyester resin. 

3. A method for producing a laminate structure 
which comprises coextruding at a take-up speed 
of at least 3 m/min (A) a layer of saponified 
product of ethylene-vinyl acetate copolymer con- 
taining 20 to 55 mol% of ethylene and having a 
degree of saponification of at least 90 mol% and 
(B) a layer of hydrophobic thermoplastic resin, 
with (C) a bonding interlayer placed therebetween 
which comprises a composition of (X) a polymer 
of ethylene-acrylate ester-ethylenic unsaturated 
carboxylic acid or anhydride thereof and (Y) a 
polymer of ethylene-acrylate ester, said polymers 



(X) and (Y) being formulated so that the following 
formulas (I), (II), (III), and (IV) are satisfied. 

|Vx-Vy|^0.15 (I) 

5 

0.10^Vx - Wx+Vy • Wy^0.45 (II) 
0.03?§Cx • Wx^1 (III) 
to 0.05^Wx/Wy:§10 (IV) 

where: 

Vx: content (in weight fraction) of acrylate ester 
in polymer (X), 
is Vy: content (in weight fraction) of acrylate ester 
in polymer (Y), 

Cx: content (in meq/g) of carboxyl group of 
ethylenic unsaturated carboxylic acid or anhyd- 
ride thereof in polymer (X), 
20 Wx: quantity (in weight fraction) of polymer (X), 
and 

Wy: quantity (in weight fraction) of polymer (YJ. 

4. A method for producing a laminate structure 
as set forth in Claim 3 wherein said hydrophobic 

25 thermoplastic resin is a saturated polyester resin. 

5. A method for producing a laminate structure 
as set forth in Claim 3 wherein a multilayered 
laminate having a layer arrangement 

30 (BHCHAHCHB) 
(AHCMBHCHA) 

is produced. 

35 

Patentanspruche 

1. Schichtstruktur, umfassend (A) eine Schicht 
aus einem verseiften Produkt eines Athylen-Vinyl- 

40 acetat-Copolymerisats mit einem Athylengehalt 
von 20 bis 55 MoI-% und einem Verseifungsgrad 
von mindestens 90 Mol-%, (B) eine Schicht aus 
einem hydrophoben thermoplastischen Harz und 
eine dazwischen angeordnete verbindende 

45 Schicht (C), umfassend eine Zusammensetzung 
aus (X) einem Copolymerisat aus Athylen, Acryl- 
sSureester und einer athylenisch ungesattigten 
Carbonsaure oder deren Anhydrid und (Y) einem 
Copolymerisat aus Athylen und einem Acrylsiu- 

so reester, wobei die Copolymerisate (X) und (Y) 
derart hergestellt wurden, daB die folgenden 
Gleichungen (I), (II), (ill) und (IV) erfullt werden: 

|Vx-Vy|<0,15 (I) 

55 

0,10:SVx • Wx+Vy • Wy<0,45 (II) 
0,03<Cx-Wx<1 (111) 
60 0,05<Wx/Wy<10 (IV) 

in denen 

Vx den Gewichtsanteil des Acrylsaureesters im 
Copolymerisat (X), 
65 Vy den Gewichtsanteil des Acrylsaureesters im 
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Copolymerisat (Y), 

Cx den Gehalt in mg-Aquivalenten pro g der 
Carboxylgruppe der ithylenisch ungesattigten 
Carbonsaure oder deren Anhydrid im Copolyme- 
risat (X), 

Wx die Gewichtsmenge des Copolymerisats 
(X), und 

Wy die Gewichtsmenge des Copolymerisats (Y) 
bedeutet 

2. Schichtstruktur nach Anspruch 1, in der das 
hydrophobe thermoplastische Harz ein gesattig- 
tes Polyesterharz ist 

3. Verfahren zur Herstellung einer Schichtstruk- 
tur, umfassend die Coextrusion bei einer Aufwik- 
kelgeschwindigkeit von mindestens 3 m/min, von 
(A) einer Schicht aus einem verseiften Produkt 
eines Athylen-Vinylacetat-Copolymerisats mit 
einem Athylengehalt von 20 bis 55 Mol-% und 
einem Verseifungsgrad von mindestens 90 Mol- 
%, (B) einer Schicht aus einem hydrophoben 
thermoplastischen Harz und einer dazwischen 
angeordneten verbindenden Schicht (C), umfas- 
send eine Zusammensetzung aus (X) einem 
Copolymerisat aus Athylen, Acrylsaureester und 
einer athylenisch ungesattigten Carbonsaure 
oder deren Anhydrid und (Y) einem Copolymeri- 
sat aus Athylen und einem Acrylsaureester, 
wobei die Copolymerisate (X) und (Y) derart 
hergestellt wurden, da& die folgenden Gleichun- 
gen (I), (II), (III) und (IV) erfullt werden: 

|Vx-Vy|<0,15 <D 

0,10<Vx • Wx+Vy - Wy<0,45 (II) 

0,03<Cx • Wx<1 (III) 

0,05<Wx/Wy<10 (IV) 

in denen 

Vx denen Gewichtsanteil des Acrylsaureesters 
im Copolymerisat (X), 

Vy den Gewichtsanteil des Acrylsaureesters im 
Copolymerisat (Y) # 

Cx den Gehalt in mg-Aquivalenten pro g der 
Carboxylgruppe der ithylenisch ungesattigten 
Carbonsaure oder deren Anhydrid im Copolyme- 
risat (X), 

Wx die Gewichtsmenge des Copolymerisats 
(X), und 

Wy die Gewichtsmenge des Copolymerisats (Y) 
bedeutet 

4. Verfahren zur Herstellung einer Schichtstruk- 
tur nach Anspruch 3, bei dem das hydrophobe 
thermoplastische Harz ein gesattigtes Polyester- 
harz ist. 

5. Verfahren zur Herstellung einer Schichtstruk- 
tur nach Anspruch 3 f mit dem ein mehrere 
Schichten aufweisender Schichtstoff hergestellt 
wird, mit einer Schichtanordnung von 



oder 



(BHCHAHCHB) 
(AHCHBHCHA). 
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Revendications 



1. Une structure stratifiee comprenant (A) une 
couche de produit saponifie de copolymere 
d'ethylene-acetate de vinyle contenant 20 a 55% 
molaires d'ethyiene et ayant un degre de saponifi- 
cation d'au moins 90% molaires et (B) une couche 
de resine thermoplastique hydrophobe, avec (C) 
une couche intermediaire d'union placee entre 
elles comprenant une composition de (X) un 
polymere d'ethylene-ester acrylique-acide car- 
boxylique a insaturation ethylenique ou anhy- 
dride de celui et (Y) un polymere d'ethylene-ester 
acrylique, lesdits polymeres (X) et (Y) etant com- 
poses de telle sorte que les formules (I), (II), (III) et 
(IV) suivantes soient satisfaites. 



|Vx-Vy|<0.15 



(I) 



0,10<Vx • Wx+Vy • Wy<0,45 (II) 
0,03*sCx • W*S1 (IN) 



0,05^Wx/Wy^10 



(IV) 



ou 



Vx: teneur (en fraction ponderale) d'ester acyli- 
que dans le polymere (X), 

Vy: teneur (en fraction ponderale) d'ester acryli- 
que dans le polymere (Y), 

Cx: teneur (en mEq/g) en groupes carboxyles 
de I'acide carboxylique a insaturation ethylenique 
ou de son anhydride dans le polymere (X), 

Wx:" quantite (en fraction ponderale) de poly- 
mere (X), et 

Wy: quantite (en fraction ponderale) de poly- 
mere (Y). 

2. Une structure stratifiee seion la revendication 
1, dans laquelle ladite resine thermoplastique 
hydrophobe est une resine de polyester sature. 

3. Procede pour.produire une structure strati- 
fiee, qui comprend la coextrusion a une vitesse 
d'enroulement d'au moins 3 m/min de (A) une 
couche de produit saponifie de copolymere 
d'ethylene-acetate de vinyle contenant 20 a 55% 
molaires d'ethyiene et ayant un degre de saponifi- 
cation d'au moins 90% molaires et (B) une couche 
de resine thermoplastique hydrophobe, avec (C) 
une couche intermediaire d'union placee entre 
elles comprenant une composition de (X) un 
polymere d'ethylene-ester acrylique-acide car- 
boxylique a insaturation ethylenique ou anhy- 
dride de celui et (Y) un polymere d'ethylene-ester 
acrylique, lesdits polymeres (X) et (Y) etant com- 
poses de telle sorte que les formules (I), (II), (III) et 
(IV) suivantes soient satisfaites. 

|Vx-Vyl<0,15 (0 

0,10<Vx • Wx+Vy • Wy<0,45 (II) . 

0,03<Cx ■ Wx*=1 (HI) 

0,055*Wx/Wy*Sl0 (IV) 
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ou: 

Vx: teneur (en fraction ponderale) d'ester acryli- 
que dans le polymere (X), 

Vy: teneur (en fraction ponderale) d'ester acryli- 
que dans le polymere (Y), 5 

Cx: teneur (en mEq/g) en groupes carboxyles 
de I'acide carboxylique a insaturation ethyldnique 
ou de son anhydride dans le polymere (X), 

Wx: quantite* (en fraction ponderale) de poly- 
mere (X), et to 

Wy: quantite* (en fraction ponderale) de poly- 
mere (Y). 



15 



20- 



25 



30 



35 



40 i 



45 



50 



55 



60 
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4. Un procede* pour produire une structure 
stratifiee selon la revendication 3, dans lequel 
ladite r§sine thermoplastique hydrophobe est une 
rSsine de polyester sature\ 

5. Un procede pour produire une structure 
stratifiee selon la revendication 3, dans lequel on 
produit un stratifte multicouche ayant la disposi- 
tion des couches 

(BHCHAHCHB) 

ou 

(A) — (C) — ( B) — (C) — (A). 
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